1.. INTRODUCTION {#sec1}
================

Falls are prevalent among older adults, and are a major threat to their health ([@ref1]). Because of the high risk of falling in the elderly, falling is known as "aging syndrome" ([@ref2]). Every year, nearly 30% of people over 65 years old, experience falling at least once a year, half of which happen for multiple times ([@ref3]). Falling in elderly is associated with complications that causes prolonged hospitalization, isolation, dependency, immobility, decreased function, increased mortality rate and increased healthcare costs ([@ref4]-[@ref6]). This issue emphasizes the need to implement preventive measures in order to avoid it from happening again in the elderly ([@ref4]). Various risk factors such as lack of balance, visual impairment, motor impairment, cognitive impairment and fear of falling are associated with falling in the elderly ([@ref7]). Although some risk factors such as age and gender cannot be modified, other factors are potentially modifiable ([@ref8]).

About one-third of the elderly who experience falling and half of them who have never fallen have fear of falling ([@ref9]-[@ref10]). Fear of falling is a problematic consequence that can create a cyclic pattern of movement disorders, social isolation, and reduced quality of life, even without any experience of falling in the elderly ([@ref11]). The prevalence of fear of falling has been reported between 20-85% ([@ref9], [@ref12]). Thus, fear of falling can become a debilitating problem and have numerous consequences such as disability and dependency on others for daily activities, depression, lack of independence and need ingtoassistive devices such as cane for moving, that can lead to further restrictions of the elderly individuals in performing daily activities ([@ref13], [@ref14]).

Exercise is one of the most important non-pharmacological interventions in preventing falls in elderly ([@ref15]-[@ref17]). Although exercise is recommended to reduce the risk of falling in the elderly, if it is not conducted properly, it could lead to negative consequences and injuries ([@ref18]-[@ref20]). Tai Chi is an ancient exercise that helps elderly to maintain balance, give them a better body-sense ([@ref21]) and therefore appears to be associated with less injury in older adults ([@ref22]). Physical and cognitive coordination in Tai Chi exercise shows the value of this exercise in prevention of falls, compared to other sport programs that focus on muscle strength. On the other hand, Tai Chi exercise increases the awareness of the individual from his balance and can reduce fear of falling ([@ref23]). Although the results of some clinical trials suggested that Tai Chi exercise can prevent falling in older adults, this finding was not confirmed by other studies ([@ref17], [@ref24]-[@ref26]).

Additionally, a recent meta-analysis recommends additional studies to evaluate the efficacy of Tai Chi exercise on fall prevention in older adults ([@ref27]). Therefore, due to the importance of fall prevention in older adults and likelihood benefit of Tai Chi exercise, as well as controversial evidence to support its efficacy in fall prevention, the aim of this study was to evaluate the effect of Tai Chi exercise on risk and fear of falling in older adults.

2.. MATERIALS AND METHODS {#sec2}
=========================

After obtaining approval from the North Khorasan University of Medical Sciences ethics committee and informed consents from the participants, a total number of 60 older adults (30 females and 30 males) of both sexes, who referred to health care centers of Mashhad, northeast Iran, between February 2015 and November 2016, were enrolled in this prospective, randomized clinical trial. The inclusion criteria consisted of age over 60, living in society (not nursing home), no regular exercise (especially Tai Chi) in the past 6 months, mental alertness, lack of medical contra indications for exercise, lack of destructive mental disorders such as dementia and Parkinson, and ability to exercise. Older adults with serious disease or life-threatening emergency situation during exercise, those who were not capable of completing the exercise program, referred irregularly for Tai Chi, or had a substantial change in treatment or drug regimens were excluded from the study.

Participants who fulfilled the inclusion criteria were randomly allocated into two equally sized groups (n=30, 15 male and 15 female) by a nurse who was blind to the study groups, using sealed envelope technique and block randomization. In order to homogenize the intervention and control groups, participants were matched in terms of age and body mass index (BMI). Before the study, demographic characteristic questionnaire, Berg's balance tool, and Fall Efficacy Scale - International (FES-I) were completed for all participants. Also, all elderly groups were visited by a physician for medical indication for exercise. The study population was divided into 15-person groups, according to sex and exercised under coach's supervision. Tai Chi instructors were certified coaches for Tai Chi (Yang style). For intervention group, sports program was exercised for 30 sessions (three sessions per week for 10 weeks) under the supervision of a coach. The control group continued their daily activities as routine of life. To assess the risk of falling, Berg's Balance tool, and to measure the fear of falling, FES-I were completed at the end of the week fourth, eighth, and tenth in both intervention and control groups. There liability, and validity of Berg's tool and have been established in previous studies by Pearson correlation coefficient of \>0.7 (28-29). Questionnaires were completed by a person who was unaware of previous evaluation scores. Time of completing the questionnaire in all stages was 9-11 in the morning. This study registered in the Iranian Registry of Clinical Trials Database (IRCT2016120431234N1).

Statistical analysis {#sec2-1}
--------------------

Shapiro-Wilk test was used to assess the assumption of normality of data. Baseline characteristics of the study groups were compared using Chi-square or Fisher's exact tests for categorical and Wilcoxon rank-sum tests for continuous variables. To examine the effect of intervention, including main and interaction effects, a 2x 4 factorial repeated measures ANOVA was conducted, while study group was considered as between subject factor with two levels (intervention vs. control group), and time as within subject factor with four levels (before, 4, 8, and 10 week after protocol). Using Mauchly's test, the sphericity was examined; and accordingly, the Greenhouse-Geisser estimates of sphericity was used. An alpha level of .05 was considered as statistical significance. Post-hoc analysis, using Bonferroni correction was conducted where the ANOVA model was statistically significant. Data were analyzed using SPSS Version 16.

3.. RESULTS {#sec3}
===========

A total of 76 participants were screened during the study period. Of these, 12 participants did not meet the inclusion criteria and 4 patients declined to participate in the study. The remaining 60 participants were randomly allocated to two groups. Of these, 7 patients were lost to follow-up during the study period. In total, 53 participants completed the present study and data from all these participants were analyzed ([Figure 1](#fig1){ref-type="fig"}).

The basic demographic and clinical characteristics of the two groups are presented in [Table 1](#table1){ref-type="table"}. The results show that no statistically significant difference existed between the two groups (P\>0.05).

Evaluation of the mean scores of risk of falling and fear of falling before the implementation of the protocol in the intervention and control groups showed no significant differences between the intervention and control groups before the protocol that confirmed the homogeneity of the groups ([Table 2](#table2){ref-type="table"}).

![Flow chart of the study](MSM-30-38-g001){#fig1}

###### Demographic and clinical characteristics of the two study groups

  Variable             Group of study   P value                  
  -------------------- ---------------- ------------- ---------- ------
  Age, years           67.20±5.416      68.07±5.232   0.53       
  Female gender        14 (51.8%)       13 (50%)      0.97       
  BMI                  27.15±4.42       28±4.83       0.48       
  Educational level    Uneducated       3 (11.1)      5 (19.2)   0.88
  Primary school       9 (33.4)         7 (26.9)                 
  Secondary school     8 (29.6)         9 (34.7)                 
  Diploma and higher   7 (25.9)         5 (19.2)                 
  History of falls     0.37±0.66        0.47±0.776    0.59       

###### Mean scores of risk of falling and fear of falling

              Intervention Group   Control Group                  
  ----------- -------------------- --------------- -------------- --------------
  Baseline    47.10 (4.85)         21.10 (4.66)    43.60 (6.91)   24.43 (6.88)
  4th week    41.67 (4.69)         26.87 (6.32)    38.97 (5.30)   31.07 (6.53)
  8th week    49.93 (2.79)         19.44 (2.64)    38.81 (6.19)   30.23 (6.76)
  10th week   53.59 (2.36)         17.81 (2.09)    37.31 (6.05)   32.50 (7.03)

###### Risk of falling based on repeated measures ANOVA

  Statistical index    Sum of squares   df     Root-mean-square   F       P-value   Eta
  -------------------- ---------------- ------ ------------------ ------- --------- -------
  Greenhouse-Geisser   995.61           1.99   498.86             40.34   0.000     0.442

Mean scores of risk of falling between the two groups has been shown in [Figure 2](#fig2){ref-type="fig"}. To investigate the effect of Tai Chi exercise on risk of falling, based on Berg's test, mean score of risk of falling was measured in two groups before, and at the end of the fourth, eighth and tenth week, after studying the 4 x 2 Factorial Repeated measures test using time variable at four levels (before, 4, 8, and 10 weeks after the study), and intervention variable at 2 levels of (Tai Chi exercise and normal activity) as independent qualitative variables, and "score of risk of falling", based on Berg's balance test, was the dependent variable. The results are shown in [Table 3](#table3){ref-type="table"} that shows 44.2% decreased risk of falling in the intervention group (Tai Chi) compared to controls (normal activity) (P\<0.001).

The results of t-test, as shown in [Table 4](#table4){ref-type="table"},showed that the mean risk of falling before running the protocol and after the fourth week was not significantly different between the two groups (P\>0.05), but there was a significant difference between the two groups at the end of the eighth and tenth week(P\<0.001).

Fear of falling, like the risk of falling, was measured in both groups based on FES-I, using Factorial Repeated measures and the results ([Table 5](#table5){ref-type="table"}) showed 33.6% decreased fear of falling in the intervention group, compared to the control group (P\<0.001).

[Figure 3](#fig3){ref-type="fig"} shows the trend of mean scores of fear of falling in two groups. No significant differences were found in scores of fear of falling before the intervention, but after the fourth, eighth, and tenth week the differences between groups were significantly different ([Table 6](#table6){ref-type="table"}) (P\<0.05).

###### Comparing mean score of risk of falling at different time periods in the two groups

  Time intervals         Mean scores   Standard deviation   t        df   P-value
  ---------------------- ------------- -------------------- -------- ---- ---------
  Before the study       3.239         1.723                2.271    58   0.066
  End of the 4th week    2.526         1.443                2.90     58   0.086
  End of the 8th week    11.118        1.31                 8.485    51   \<0.001
  End of the 10th week   16.285        1.252                13.012   51   \<0.001

###### Fear of falling, based on repeated measures ANOVA

  Statistical index    Sum of squares   df     Root-mean-square   F       P-value   Eta
  -------------------- ---------------- ------ ------------------ ------- --------- -------
  Greenhouse-Geisser   1107.09          1.76   625.88             25.83   0.000     0.336

###### Comparing mean score of fear of fallingat different time periods in the two groups

  Time intervals         Mean scores   Standard deviation   t         df   P-value
  ---------------------- ------------- -------------------- --------- ---- ---------
  Before the study       -2.628        1.665                -2.196    58   0.121
  End of the 4th week    -3.774        1.813                -2.531    58   0.042
  End of the 8th week    -10.786       1.40                 -7.707    51   0.000
  End of the 10th week   -14.685       1.413                -10.393   51   0.000

![Mean scores of fear of falling in two groups](MSM-30-38-g002){#fig2}

![Trtend of mean scores of fear of falling between the two groups](MSM-30-38-g003){#fig3}

4.. DISCUSSION {#sec4}
==============

The results of this study showed that Yang style Tai Chi exercise reduced risk and fear of falling in older adults. Mean score of risk of falling reduced in the elderly of the intervention group after the eighth week and the end of protocol, compared to controls, but risk of falling score increased in the fourth week in both groups.

Voukelatos et al. evaluated the effect of Tai Chi exercise on preventing fall in the elderly in Sydney, Australia, that included 702 elderly people, who were divided into two groups and received Tai Chi exercise for 16 weeks, 3 sessions per week for 40 minutes, which was 6 weeks more than the present study, while the session duration in our study was 20 minutes less. The results showed that the risk of falling significantly reduced after 16 weeks of Tai Chi, which is consistent with the present study ([@ref30]). The results of another study by Li et al. showed that Tai Chi exercise reduces the risk of falling and improves walking in elderly, which is similar to the results of the current study ([@ref25]). Taggart et al. investigate the effect of Tai Chi on balance, motor function and fear of falling in elderly women. Tai Chi was exercised twice a week for 3 months (26 sessions) that was less than the present study. The results indicate that Tai Chi exercise has significant influence on balance, motor function and fear of falling, which is consistent with the results of the present study ([@ref31]). Song et al. investigated the effect of Tai Chi exercise on lower extremity muscle strength, bone density and balance function in older women. The results showed no significant difference after the fourth week between groups that is in line with the results of the present study. One possible explanation for this may be due to lack of knowledge of Tai Chi among the elderly. Though, after 8 and 12 weeks, significant differences were observed between the intervention and control groups ([@ref32]). It has been indicated that increases in Tai Chi exercise frequency, and using the Yang style,is more effective in reducing the incidence of falls in older adults ([@ref27]). Tai Chi exercise seems to integrate of the neural, muscular and skeletal function ([@ref15], [@ref18], [@ref21]).

In the present study, the results of mean score of fear of falling, based on FES-I, in both intervention and control groups, showed a significant difference in the two groups in the fourth week, eighth week and tenth week, which shows that Tai Chi reduced 33.6% fear of falling in the intervention group than the control group. The result of the present study is consistent with other studies by Kooshiar et al. ([@ref33]) and Khajavi et al. ([@ref34]). Duration of both studies was eight weeks, 3 sessions per week for 20 minutes, with emphasis on fear of falls in elderly, using FES-I tool that is similar to the present study. Exercises in Khajavi's study included training program focusing on central function and the study by Kooshiar et al. included entertaining physical activity that were different from the present study that included Tai Chi exercise, but were similar in terms of results on fear of falling. It can be assumed that Tai Chi and physical activity can help boost the confidence and reduce fear of falling in the elderly. However, reduced fear of falling in the present study was 33.6% that was higher, compared to the other studies ([@ref33]-[@ref34]). Tai Chi exercise can improve balance in the elderly, as well as increase their motivation, confidence, happiness, and positive energy, independence in their activities, and thus reduce the risk of falls and more importantly, the fear of falling, which is expected to improve the situation of the elderly and help active and dynamic elderly in the community ([@ref20], [@ref23], [@ref27]).

Lack of familiarity of the elderly with Tai Chi exercise, lack of an appropriate place for exercise and lack of cooperation of health centers were the limitations of the study.

5.. CONCLUSION {#sec5}
==============

The results of the present study showed that Tai Chi exercise significantly reduced the risk and fear of falling in the elderly. It seems that, Tai Chi exercise,as a harmless intervention and complication-free intervention, can play a significant role in improving balance and motor function in elderly and increasing their independence power and enable enjoyable and dynamic elderly.
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